Abstract
Introduction and Gynecologists Practice Bulletin [22] , the diagnosis and location of pregnancy were confirmed at operation for EP patients who underwent surgical treatment. Transvaginal ultrasonography combined to the measurement of serum β-HCG levels was used to confirm EP's diagnosis for patients who received medical treatment. During the study period, all women who had been diagnosed with EP in the inpatient department of gynaecology of each hospital were recruited in the case group (EP group). Women with a first trimester intrauterine pregnancy (IUP) at the prenatal clinic of these hospitals during this period, matched for age at a 1:2 ratio were included as controls (intrauterine pregnancy [IUP] group).
The investigator was responsible for data collection from the participants during an interview, by using a questionnaire. They were assured of confidentiality, as some of the questions were very private. All women who provided incomplete information were excluded. After excluding 6 participants, a total of 264 women were enrolled in the case-control study, including 88 cases (EP group) and 176 controls (IUP group); a response rate of 97.78%.
Information collected included sociodemographic characteristics (age, educational level, marital status, professional category, and smoking at the time of conception). The professional category was defined according to the Cameroonian Nomenclature of Trades, Jobs, and Professions [23] . There were questions included details about past relevant reproductive and gynaecologic histories (including previous miscarriage, prior induced abortion, parity, prior Chlamydia Trachomatis (CT) infection, prior PID, prior EP, previous infertility, documented tubal pathology, previous tubal surgery, age at sexual debut, lifetime's number of sexual partners) and about surgical history. Previous and current use of contraceptives (including intrauterine devices [IUDs] , combined oral contraceptives [COCs], progestin-only pills [POPs], LNG-EC, progestin-only implants and progestin-only injectable of depot medroxyprogesterone acetate (DMPA). According to Cheng Li et al. [24] , a woman was defined as a previous user of a given contraceptive method if she had used the method in the previous cycle and as a current user if she had used the method in the current cycle.
Statistical analysis
All statistical analyses were performed using IBM SPSS Statistics software, version 23. The frequency of distribution of each variable was examined according to the case and control groups. Crude odds ratios (ORs) of each variable with their 95% confidence intervals (CIs) were calculated in the bivariate analysis. When we explored the association between risk of EP and prior CT infection, documented tubal pathology there were missing values; these were eliminated from the analysis. All p values were calculated using statistical Chi-Square and Fisher's exact tests when necessary. Values less than 0.05 were considered statistically significant. Variables significantly associated with EP by bivariate analysis were included as candidates in the multivariable logistic regression analysis to adjust for potential confounders and calculate the adjusted odds ratio (AOR) with the aim of identifying the independent risk factors for EP.
Results
During the study period, a total of 90 women with EP were enrolled. One hundred and eighty women with IUP were recruited to be included in the control group. After women providing incomplete information were excluded, 264 women with first trimester pregnancies were included in the study; with a total of 88 final cases (EP group) and 176 controls (IUP group). Table 1 presents the sociodemographic characteristics between the two groups. EP women were more likely to have a high school educational level (p<0.001). Because of the matching criteria of cases and controls used in the study, there was no significant difference in age (p = 1.000). Regarding the marital status and the professional category, we did not found a significant difference in women with EP compared to those with IUP. Smoking at the time of conception was more found among in EP cases than controls (OR: 2.75, 95% CI: 1.37-5.49).
Socio-demographic factors

Reproductive factors
EP's women were more likely to have had previous induced abortion than IUP controls (OR: 2.08, 95% CI: 1.21-3.57) ( Table 2 ).
Surgical factors
Previous tubal surgery appeared to be more frequent in cases than controls (OR:10.54, 95% CI:1.21-91.67). An age of sexual debut less than 16 years was more probable in EP women than in IUP ones (OR: 3.27, 95% CI: 1.70-6.28); as well as having had more than 5 lifetime sexual partners (OR: 4.00, 95% CI: 2.14-7.45). (Table 3) .
Gynaecological factors
Contraceptive factors
Previous use of progestin-only injectable DMPA was more likely in EP cases, than controls (OR: 2.88, 95% CI:1.19-6.99) ( Table 3) .
By contrast, current use of LNG-EC was significantly more probable among EP cases than controls (OR: 7.42, 95% CI: 1.96-28.01). We did not find any women who were taking progestin-only injectable or implant, COCs or POPs during the cycle of conception. The results of the multivariable logistic regression analysis are shown in Table 4 . The model included smoking at the time of conception, prior PID, prior EP, prior induced abortion, prior tubal surgery, age at sexual debut, previous use of DMPA and current use of LNG-EC. Factors found to be independently associated to EP were: prior PID (AOR: 13.03; 95% CI 6.19-27.42), current use of LNG-EC (AOR: 10.15; 95% CI 2.21-46.56), previous use of DMPA (AOR: 3.01; 95% CI 1.04-8.69) and smoking at the time of conception (AOR: 2.68; 95% CI 1.12-6.40).
Discussion
This study found a strong independent association between prior PID and EP occurrence (Table 4) . Our finding aligns with numerous studies which identified PID as a major risk OR odds ratio, CI confidence interval, IUD intra-uterine device, LNG-EC levonorgestrel-only pills for emergency contraception, COCs combined oral contraceptives, POPs progestin-only pills, DMPA depot medroxyprogesterone acetate � Women who did not use contraceptives are not included here (n = 21 cases and n = 46 controls).
https://doi.org/10.1371/journal.pone.0207699.t003
Risk factors for ectopic pregnancy in a population of Cameroonian women factor for EP [19, 25, 26] , because of scarring, resulting in tubal obstruction that interferes with egg's capture and migration, but also with spermatozoa migration [25] . Such finding could reflect an important rate of late diagnosis and untreated acute pelvic infections, in our country, probably due to poverty. Consistent with previous studies [27] [28] [29] , our study identified an independent significant connection between EP and the use of LNG-EC during the cycle of conception. It has been suggested that higher levels of progesterone could alter ciliary beat function and smooth muscles contractility of Fallopian Tubes (FTs), and the high serum peak of LNG observed after an administration of a single dose of LNG-EC could possibly result in a tubal motility decline; thus, increasing the risk of EP [29] [30] [31] . Thereby, if LNG-EC is taken at a time when it is ineffective in preventing pregnancy, the plasma concentration of LNG-EC might still remain high during the time of embryo-tubal transport due to its half-life of 24 h; therefore, the chance of embryo-tubal implantation increases with declined tubal motility [21] .
Previous use of DMPA was also found to have an independent relationship with EP occurrence. It has been shown that during the menstrual cycle, level of Estradiol Receptors (ERs) -mostly localized on FT's ciliated, secretory epithelial and smooth muscles cells-fluctuate in response of high circulating Estradiol (E2) levels [32] [33] [34] . Adrenomedullin (ADM), a polypeptide structurally similar to calcitonin, expressed in epithelial cells of the human and rat FTs increase and decrease along with circulating E2 levels during the menstrual cycle and increases ciliary beat frequency [35] [36] . With these results, we suggest that by its antiestrogen activity (including inhibition of ERs, decreasing levels of circulating E2), DMPA could decrease ER's expression in FT cells, resulting in a loss of ADM expression and subsequent dysfunction in ciliary beat and tubal motility. Such finding may also be due to a lack of barrier contraceptive use, such as condoms because, using a simple and safe contraceptive, women feel well protected from pregnancies. Yet with unprotected sex, there is a risk of STIs and subsequent PID.
Another independent factor found to be associated with EP in our study was smoking at the time of the conception. This has been demonstrated in other countries [37, 38] ; but to our knowledge, none in Cameroon. Shaw et al. [38] reported that cotinine (the most abundant metabolite of nicotine) increased the expression of prokineticin receptor-1 (PROKR1), a regulator of smooth muscle contractility and genes that are important in implantation, in the FT. In this sense, they hypothesized that smoking predisposes women to EP by altering tubal PROKR1 expression resulting in changes in FT function. Therefore, awareness of women on smoking dangers and encouraging them on smoking avoidance and cessation is necessary.
Other variables were significantly associated with EP occurrence, but not independently after the multivariable logistic regression analysis; probably due to confounding variable effect, such as STDs. STDs could have been the confounder increasing the relationship between these factors and EP occurrence. However, it would be important to pay attention to these variables in order to enhance prevention in our resource-limited country.
In our findings, prior CT infection, previous infertility, documented tubal pathology and prior EP were found to increase EP risk. These results are consistent with those of previous studies, which indicated that EP risk was higher in women with prior CT infection [19, 25, 26] , as well as previous infertility, documented tubal pathology [17, 20] and prior EP [20, 39] . The healing process that follows C. Trachomatis infection can result in alterations of tubal mucosa and limit tubal motility [19] . This could lead to PID and subsequently, interfere with the egg's capture or with spermatozoa's migration [19] . Infertility may result from these tubal damages. The association between prior EP and the new EP may reflect persistent exposure to pre-existent risk factors, especially those that cause tubal dysfunction.
The study also revealed a significant connection between prior induced abortion and EP occurrence. This finding seems to be different from those in countries where abortions are legalized [40, 41] . In Cameroon, as in most African countries where abortions are not legalized, most abortions are illegal and usually occur in poor aseptic conditions [42] . Thus, increasing post-abortion sepsis risk and subsequent PID. There are others African publications reporting a relationship between prior induced abortions and EP [25, 42] . Clearly, this is an area deserving further attention because such finding may reflect potential inadequacies of the national family planning policy in our country. This thus evokes an increased need for a popularization of modern contraceptives use among Cameroonian women, in order to prevent unwanted pregnancies, which motivate the decision to have an abortion. On the other hand, it suggests that there should be more training medical staff on post-abortion care in primary and secondary hospitals, to improve the management of abortions related complications.
We found a significant relationship between previous tubal surgery and EP. Our results are in line with those of a meta-analysis including 27 case-control studies and 9 cohort studies, which reported previous tubal surgery to be strongly associated with the occurrence of EP [17] .
Have had first sexual intercourse at less than 16 years was significantly associated with EP occurrence, and having more than 5 lifetime's sexual partners. The early age at sexual debut has long been identified as a determinant for STDs, notably bacterial infections for both behavioral and biological factors [43] . In line with this, Cates asserted that the earlier sexual activity is started, the longer the time of exposure to different sexual partners because, for adolescents, adolescence represents a time for sexual experimentation [44] . Concerning this, Aral has suggested that the risk of STDs in women having cumulated several sexual partners was associated to the fact that they tend to have large number of current partners [45] . In Cameroon, Nkwabong et al. in their cross sectional descriptive study including 70 patients diagnosed with acute PID of 1344 women who were seen for gynaecologic problems, 45 (64.3%) had many sexual partners; the reason, being probably the fact that they depend on their partners due to underemployment and poverty in Cameroon [46] . We believe that reducing the costs in genital infections examinations for adolescents at least in health services, might help improve the early diagnosis and treatment of STDs in order to reduce subsequent sequelae such as PID, infertility, and EP.
No significant association was found between previous use of LNG-EC, COCs, POPs and EP. Probably the number of the studied participants was too small for any meaningful deductions. In fact, in Cameroon, modern contraceptives are used by a minority of population. According to the Demographic and Health survey and multiple indicators realized in Cameroon [47] , among non-pregnant women aged between 15-49 years, 16% were using at least one contraceptive method. The injectable use rate was 2%, that of pills 2% and for other modern contraceptives, less than 1%. This could be linked to prejudices, socioeconomic and cultural barriers, lack of information and ignorance of some Cameroonians, which are abord key obstacles to adoption of contraception. This suggests a need for increasing access to and changing social norms about modern contraception.
Conclusions
The major risk factor identified in this study is prior PID. In order to control these infections, a strengthening of health education in Cameroonian women of childbearing age, by encouraging them to reduce risky sexual behaviours (such as having multiple sex partners or unprotected sex without regular screening for STIs) is essential. Furthermore, policies on reducing the cost of screening and treatment of STIs should be put in place, especially for adolescents to promote timely access to healthcare for reducing chances of PID and subsequent EP.
Besides, findings of current use of LNG-EC, previous use of DMPA and smoking at the time of conception as risk factors, are newly identified in our context. All this highlights that physicians should pay attention to women's counselling about EP (in the face of this multiplicity of risk factors reflecting increased susceptibility to EPs nowadays in our country). In addition, an increased need for easier access to equipment and skills for earlier diagnosis of EP is emerging, in a view of managing EPs, with less implication on fertility of Cameroonian women.
Strengths and limitations
The study was carried out across the two main referral hospitals for gynecologic and obstetric emergencies in Yaoundé; well representing the urban and rural population. The cases and controls were from the same source of population, which makes this comparison valid and the findings are generalizable to all EP in our context. However, as a hospital-based case-control study we acknowledge for recall and selection bias. 
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